Introduction
First ovulation for rhesus monkeys living outdoors is restricted to the fall or winter months regardless of season of birth (Wilson & Gordon, 1989a) . Development is pro¬ longed in this species, typically spanning several years. For spring-born monkeys housed outdoors, concentrations of luteinizing hormone (LH) in the absence of the ovaries begin to rise at~25 months of age coincident with late spring . Concentrations of LH in the presence of oestradiol do not rise until~29 months of age the next fall. This delayed increase in basal LH concentrations in the presence of oestradiol has been attributed to enhanced oestradiol negative feedback inhibition of LH, characteristic of the final stages of puberty (Rapisarda et al, 1983; Wilson et al, 1986) . Menarche typically occurs at~30 months of age while first ovulation occurs in a bimodal distribution with 20% of the females in this colony ovulating in early winter at 32 months and the remaining in early fall at~42 months . Those females which enter the breeding season of their 2nd year at a more advanced developmental age, based on age at increases in LH and menarche, are more likely to ovulate in that season (Wilson et al, 1986) . The loss of non-gonadal restraint at~25 months in these monkeys housed outdoors is similar to that of monkeys housed in a non-seasonal environment of 12 h light: 12 h dark (Terasawa et al, 1984a) . Furthermore, under indoor housing conditions, intact females exhibit the increase in basal LH (Terasawa et al, 1984a) and menarche (Wilson et al, 1988) at an earlier age, with a greater percentage having first ovulation during their 2nd year, than animals housed in a seasonal environment (Wilson et al, 1988) . These results suggest that the annual exposure to the warm, long days of spring and summer may delay sexual maturation, while the removal of these cues allows development to proceed unhindered by external events.
For rhesus monkeys, it is not known what environmental cue regulates either the seasonal restriction of first ovulation or the seasonal distribution of ovulation exhibited by adult females (Walker et al, 1984) . In other seasonally breeding mammals, photoperiod and its subsequent gen¬ eration of a particular pattern of pineal melatonin secretion is the predominant cue regulating reproductive function (Bronson, 1988) . A particular pattern of photoperiodic changes is critical for the appropriate timing of first ovulation in lambs (Foster, 1983) , an effect dependent upon the generation of the appropriate 24 h melatonin rhythm (Yellon & Foster, 1986) . The species-specific photoperiodic requirements for the normal onset of pubertal events is also observed for ferrets (Ryan & Robinson, 1987) , hamsters (Sisk & Turek, 1983) and deer mice (Garcia & Whitsett, 1983) . Based on the importance of photoperiod and the presumed changes in the daily melatonin rhythm, the seasonal pattern of reproductive development in female rhesus monkeys may be due to photo¬ periodic changes mediated by a daily melatonin rhythm. The present study was therefore under¬ taken to determine whether the premature exposure of immature female rhesus monkeys to a short day melatonin pattern would advance the timing of maturation with respect to the occurrence of menarche and first ovulation. In addition to these reproductive events, serum concentrations of prolactin, growth hormone (GH) and somatomedin-C were monitored to assess how these changed with alterations in the timing of maturation. (Wilson & Gordon, 1989b Melatonin treatment was initiated before the expected age of the initial increases in basal LH in outdoor-housed control females (Wilson et a!, 1986) . Furthermore, by starting treatment at this time (March) females were not exposed to any days in which endogenous melatonin was elevated for less than 12 h. Treatment with melatonin was continued through~3 3 months of age or first ovulation, whichever occurred first. This age was chosen as it represents the earliest age at which normal, spring-born females ovulate within the seasonally circumscribed breeding season (Wilson et ai, 1986) . A positive effect of the melatonin treatment would be an earlier occurrence of first ovulation (i.e. <30 months of age) or more females ovulating at the early age (>20% by 33 months of age). Either outcome would indicate that exposure to a short-day melatonin pattern from 22 months of age allowed maturation to proceed by eliminating inhibitory long-day effects.
Analyses. Blood samples were collected twice weekly from the capture-accustomed subjects as previously described (Walker et ai, 1982) . Menstrual bleeding was detected by daily visual inspection. Perineal swelling, characterisitic of young sexually mature female rhesus monkeys, was rated twice weekly as described previously (Wilson el ai, 1986) . Immature animals have a rating of 0 (no colour and no swelling) while the initial readings, characteristic of puberty onset, typically are 1 (0-5 colour and 0-5 swelling) and maximum readings would be 6. Body weights were obtained monthly following an 18-h overnight fast. Ovulation was inferred from sustained elevations in serum progesterone concentrations ( > 1 ng/ml; Foster, 1977) .
Serum concentrations of oestradiol were determined from samples collected twice weekly by radioimmunoassay (RIA) using a modification of a commercially available kit (Diagnostic Products Corp., Los Angeles, CA, USA).
Rather than using human serum as the assay diluent, serum from gonadectomized rhesus monkeys was further treated with charcoal to remove residual steroids (Fraser et ai, 1983) and was used as the diluent in the assay. The assay sensitivity (80% bound) was 7-10 pg/ml, with between-and within-assay coefficients of variation (CV) of 9-4 and 2-8%, respectively. Serum progesterone was quantified in twice weekly samples by RIA using a commercially avail¬ able kit (Diagnostic Products Corp.). Assay sensitivity was 0-3 ng/ml with between-and within-assay CVs of 8-6 and 2-9%, respectively. Serum prolactin (Wilson et a!, 1985) , GH and somatomedin-C (Wilson, 1986) , and melatonin (Reppert et ai, 1979) (Hartman, 1932) , significantly earlier than control animals. Although none of the Group C females ovulated during their 2nd year, previous studies (Wilson et al, 1988) : age at menarche is earlier and the majority ovulate between 31 and 33 months of age. The hypothesis must be entertained that exposure of premenarchial females (~2 3 months of age) to a long-day pattern of melatonin delays the onset of puberty. If these cues are absent, puberty is initiated in the months immediately after the expected age at which non-gonadal restraint of LH secretion diminishes (Terasawa et al, 1983; Wilson et al, 1986) . Indeed, the interval from menarche to first ovulation in the Group H females was~6 months, compared to~12 months for Group C monkeys. Those spring-born females that do ovulate dur¬ ing their 2nd year have~3 months between menarche and first ovulation . The data suggest that, independent of any seasonal influence, a specific interval of at least 3-6 months must elapse between the initial signs of puberty and first ovulation, reflecting the continued maturation of the neuroendocrine system which is characterized by a decrease in the effectiveness of oestradiol to inhibit LH secretion (Rapisarda et al, 1983; Wilson et al, 1986; Winter et al, 1987) . If females do not ovulate within the perimenarchial fall months, first ovuation is delayed until the next autumn due to enhanced oestradiol negative feedback inhibition of LH during the intervening spring and summer months . Although an hypothesis that seasonal changes can modify the timing of puberty seems probable based on the present data, no affirmative data are available ascribing a role of photoperiod in the regulation of seasonal occurrence of ovulations in adult female rhesus monkeys (Wehrenberg & Dyrenfurth, 1983; Keverne, 1987) .
The parameter of the daily melatonin rhythm manipulated in the present study was nocturnal duration. Although manipulation of this variable does affect the timing of puberty in lambs (Yellon & Foster, 1986) , other aspects of the nycthermeral rhythm, such as peak amplitude or timing of the change in melatonin, may also be important (Arendt et al, 1981) . However, recent data indicate that the duration of the nocturnal increase and not its timing during a 24 h period mediates the photoperiod effects on reproduction in sheep (Wayne et al, 1988 ). Furthermore, cross-sectional data from children (Waldhauser et al. 1988 ) and longitudinal assessment of female rhesus monkeys (Wilson & Gordon, 1989b) indicate that nocturnal concentrations of melatonin decrease through¬ out puberty, suggesting that this change may be a cue for puberty onset independent of photo¬ period effects. If this is the case, then a dual role for melatonin may be implicated for puberty onset in seasonally breeding rhesus monkeys: (1) a decrease in nocturnal melatonin concentrations pro¬ vides the neuroendocrine signal for the initiation of puberty and (2) once this occurs, the particular pattern of the melatonin rhythm (i.e. long day/short day) sets the timing for the completion of puberty.
Although the occurrence of an early first ovulation was increased in the melatonin-treated animals, the age and timing within the breeding season at which this occurred was not different from that observed for the 20% of the spring-born females that ovulate during their 2nd year ). This suggests that: (1) the earliest age possible for rhesus females to ovulate may be~31 months or (2) the fact that these females had lived in a seasonal environment before the start of treatment may have determined the 'window' within which first ovulation could occur. Although episodic administration of LH-releasing hormone (Wildt et al., 1980) (Krey et al, 1981; Norman & Spies, 1981; Resko et al, 1982; Terasawa et al, 1984a) . Indeed, hypothalamic disconnection (Norman & Spies, 1981) and posterior hypothalamic lesions (Terasawa et al, 1984b) advance first ovulations relative to control females, but these still do not occur before 31 months of age. Thus, although the timing of maturation can be advanced, the earliest possible age at first ovulation may be fixed. The ovula¬ tions produced by the short-day melatonin pattern in the present study should not be considered precocious. Indeed, the hypothesis generated from the present results suggests that the inhibitory long days of spring and summer delay maturation and if these are removed by exposure to a shortday melatonin pattern or removal of seasonal cues maturation will proceed (Wilson et al, 1988) .
As (Foster, 1983) . In the present study, Group H and Group C females exhibited a seasonal rhythm in prolactin concentrations with high summer values and low fall values, characteristic of adolescent rhesus monkeys living outdoors (Wilson et al, 1985) . However, as the transition to fall began concentrations of prolactin fell significantly earlier in Group H females. Although melatonin treatment to ewes results in a fall in serum prolactin concentrations within 3 weeks (Kennaway et al, 1982) , treatment of ram (Kennaway & Gilmore, 1985) and ewe (Kennaway et (Schultz & Terasawa, 1985) . The question remains then whether initiation of short-day melatonin treatment 12 months earlier at 11 months of age might have reset the clock regulating the occurrence of first ovulation. Directly altering the photoperiod cycles would determine how the light:dark cycle regulates the timing of maturation and the occurrence of first ovulation independent of an internal clock.
Assessment of the endocrine and weight changes associated with advanced maturation in melatonin-treated females provides important information regarding how physical maturation may be influenced by sexual development. Significant increases in serum oestradiol for Group H were not observed until 27 months of age, after the occurrence of menarche as found in other studies (Terasawa et al, 1984a; Wilson et al, 1986) . Correspondingly, the pattern ofGH and somatomedin-C secretion paralleled that of oestradiol. These results support the hypothesis that maturational increases in GH secretion may, in part, be due to increases in ovarian oestradiol secretion (Copelant et al, 1984; Mansfield et al, 1988) , and that these two hormones act synergistically to enhance soma¬ tomedin-C secretion (Wilson, 1986) . Nevertheless, greatest increases in GH occurred for Group females well before significant maturational increases in oestradiol had occurred (30 months), sug¬ gesting that maturational increases in GH are not due solely to increases in oestradiol. Increases in body weight were indistinguishable between groups until 28 months, 2-months after the initial signs of puberty. These data suggest that the initiation of puberty, characterized by menarche but regulated by the initiation of LH secretion (Ryan, 1986) is not associated with significant increases in body weight as proposed previously (see Frisch, 1984) . Rather, the present results support pre¬ vious reports (Terasawa et al, 1984b; Wilson et al, 1986 ) that significant body weight gains may be a consequence rather than a prerequisite of pubertal development.
